We report a new technique for treatment of radial artery pseudoaneurysm (RAP) caused by transradial access (TRA) for coronary angiography. Traditional extrinsic compression with radial flow cessation leads to a local milieu likely associated with an increase in probability of radial artery occlusion (RAO). Our technique involves obtaining ipsilateral radial artery access distal to the neck of the RAP followed by a prolonged sheath dwell time covering the neck of the RAP which allows the RAP sac to thrombose and maintains radial artery lumen patency.
INTRODUCTION
RAP is a rare complication of transradial access (TRA) and can occur as a sequela of arterial wall trauma and inadequate hemostasis after TRI. According Lemaitre J et al only 22 cases of RAP have been reported in world literature until 2006 [1] . In a recent publication only five cases of RAP were detected after 16,808 TRA (3 out of 10,000 catheterizations, 0,03%) [2] , which is significantly lower compared to frequency of femoral pseudoaneurysm (0.6%) complicating femoral access [3] . The prevalence of RAP may increase in the future due to growing popularity of TRI.
Treatment of RAPs has evolved through the years. Initially surgical treatment was the dominant form of management for RAP. Subsequently, many cases have been treated with ultrasound-guided mechanical compression. Recently, thrombin injection under ultrasound guidance has become the preferred treatment method.
We describe a novel technique for treatment of RAP using ipsilateral radial artery catheterization with long introducer sheath placement and gentle mechanical compression isolating the pseudoaneurysm with resultant cessation of flow in the sac, thrombosis and subsequent closure.
CASE PRESENTATION
A 68-year-old man with previous posterior MI, persistent atrial fibrillation, hypertension, and moderately depressed left ventricular function (EF ¼ 0,44) was admitted with life-style limiting CCS class III angina. Diagnostic coronary angiography and possible PCI was planned using radial access. He underwent cardiac catheterization from the right radial using a 16 cm 6F hydrophilic introducer sheath (Terumo Interventional Systems, Japan). The radial artery had an anomalous origin from the mid-segment of brachial artery. Coronary stenoses were identified in the right coronary artery (RCA) and PCI was planned as a second stage in 2-3 weeks. At the time of diagnostic examination patient was on warfarin therapy and additional clopidogrel was prescribed for the forthcoming PCI procedure. The International Normalized Ratio (INR) at the time of angiography was 1.09. The sheath was removed and hemostasis was achieved using TR band (Terumo Interventional Systems, Japan). Patient was discharged 6 hr after diagnostic procedure and a small hematoma was noted after removal of hemostatic device without any signs of bleeding.
The patient was readmitted 1 month later with painful 6 X 4 cm pulsatile mass over the volar aspect of the right wrist just proximal to the previous radial puncture site (Fig. 1 ). This swelling appeared 48 hr following discharge after lifting a heavy object with the right hand. A systolic bruit was audible over the mass and duplex ultrasonography demonstrated an ovalshape dual chamber pseudoaneurysm measuring 49 X 38 mm, partially filled with thrombus. Pseudoaneurysm sac was connected to the radial artery lumen through a long (6 mm) and narrow (2 mm in diameter) neck (Fig. 2) . Radial artery was patent and INR at the time of repeat hospitalization was 1.57.
At this point we contemplated a combined strategy of PCI of RCA and repair of RAP.
We decided to use the affected radial artery as the access site for PCI, because ultrasonography indicated presence of sufficient length and diameter of intact artery distal to RAP for puncture and catheterization. After successful puncture of radial artery distal to RAP, a small vessel dilator (5F) was inserted into RA lumen and retrograde radial artery angiography was performed using low pressure manual contrast injection. Radial artery angiography confirmed RA patency and significant deviation of its anatomic course at the site of RAP was seen with the signs of RA lumen narrowing as a result of extrinsic RA compression (Fig. 3a) . Pseudoaneurysm was visualized with turbulent blood flow into aneurysm sac with QCA measured dimensions of 38.7 X 36.8 mm. After advancing a 0.014" Prowater guidewire (Asahi Intecc, Japan), a 21cm 6F hydrophilic introducer sheath (Terumo Interventional Systems, Japan) was placed covering the neck of RAP therefore isolating the aneurysm sac from the blood circulation (Fig. 3b) . PCI of RCA was performed through the 6F sheath (procedure duration 34 min) using a 6 French JR4 guide catheter, 0.014" Prowater guidewire (Asahi Intecc, Japan) and 3.5-15 mm Xience drug-eluting stent. 70 Units/Kg of unfractionated heparin was administered intravenously at the beginning of the procedure. The sheath was left in RA lumen after completion of PCI for 8 hr. The sheath was attached to a pressurized heparinized saline flush using a standard arterial line setup, with 500 units/hour of heparin administered via the sheath in a monitored postprocedure unit. Additional light mechanical compression was applied at the RAP site using an external compression bandage dressing.
Radial artery angiography before sheath removal demonstrated RA patency with clean contours, straightening of the anatomic course of RA and complete closure of RAP without any signs of leakage into the RAP sac (Fig. 3c) . Vascular sheath was removed and patent hemostasis technique was used with TR band (Terumo Interventional Systems, Japan). After removal of the band the patient was discharged from the hospital following 2-hr monitoring.
Duplex ultrasonography at 2-month follow-up revealed persistent closure of RAP and good patency of radial artery. Swelling decreased markedly and was painless (Fig. 4) . 
DISCUSSION
Pseudoaneurysms are recognized as a complication of arterial catheterization and are usually caused by disruption of arterial wall with hematoma formation associated with persistence of blood flow between arterial adventitia and the hematoma. Over time, arterial blood flow under high pressure creates a cavity outlined by inflammatory cells and fibroblasts subsequently replaced by fibrous tissue and the inner surface covered by endothelium.
Development of femoral artery pseudoaneurysm (FAP) is described well in literature with a reported incidence of 0.2% for diagnostic and 0.8% for interventional transfemoral procedures [4, 5] . In contrast, the real world incidence of radial artery pseudoaneurysm (RAP) is unknown, probably because of lower incidence and underreporting. During the period of 2003-2015 in our institution we detected only 4 RAP cases out of 17,204 diagnostic and interventional transradial catheterization procedures (0.02%).
Many small postcatheterization pseudoaneurysms tend to spontaneously thrombose over time [5] . However, large pseudoaneurysms which do not thrombose spontaneously, should be treated, because potential complications of RAP may be nearby venous compression, thromboembolism and rupture with significant bleeding requiring urgent surgery [6, 7] . Until recently, the standard technique of treatment has been surgical repair including radial artery ligation, patch angioplasty using vein segment, RAP ligation and excision with end-to-end anastomosis [8] [9] [10] . During the past decade several minimally invasive methods have been introduced that have largely replaced surgical treatment. Most common techniques are ultrasound-guided compression [2, 11, 12] and percutaneous thrombin injection into RAP sac under ultrasound guidance [2, 13, 14] .
Ultrasonographically guided compression is associated with a high success rate [11, 12] , but this technique also has significant limitations, including decreased success rate for patients taking long-term anticoagulation therapy [11, 15] and prolonged compression time, often resulting in patient discomfort and pain. Sometimes there are recurrences after compression therapy subsequently requiring further compression attempts or surgery [16] . Moreover, pseudoaneurysm with relatively rigid fibrous wall require prolonged forceful compression that may cause occlusion of small caliber radial arteries, despite use ultrasound guidance, as cessation of radial artery flow during compression has been identified a risk factor for subsequent radial artery occlusion (RAO) [17] , as well as prolonged compression of the artery [18] .
Ultrasound-guided thrombin injection is a quick and more effective technique in almost all cases even in patients with anticoagulation therapy. However, direct thrombin injection into pseudoaneurysm sac is not without risk. The unattended escape of thrombin into adjacent main artery can result in thromboembolism to the distal arterial bed, resulting in necrosis [19] . In recent publication Zegri et al described a case of asymptomatic RAO after thrombin injection in RAP sac [2] . Teh et al described a case of thrombin injection into temporal artery pseudoaneurysm with unexpected outcome of seizure and scalp necrosis [6] . In another publication D'Achille et al presented a case where thrombin injection in RAP sac led to distal skin changes suggesting distal vessel embolization after possible thrombin entry in arterial circulation [20] . Other reported complications included anaphylaxis [21] or generalized urticaria after bovine thrombin injection and pseudoaneurysm rupture [19] .
Taking into account all issues mentioned above, we decided to use of lumen-based flow interruption in the RAP sac using insertion of 6F arterial sheath into radial artery covering the RAP neck and protected the radial artery against external compression related consequences, such as RAO. The stasis of blood in RAP sac facilitates thrombosis of the sac and resolution of pseudoaneurysm, without the need of external compression. Moreover, if needed we can safely inject thrombin into RAP sac after covering RAP neck by the sheath without the risk of thrombin entry into the arterial circulation.
Initial angiography demonstrated significant deviation and stenosis of RA at the site of RAP and solely mechanical compression even ultrasound guidance did not guarantee radial artery patency and sheath was protected arterial lumen against external mechanical compression. In general, arterial sheath acts as a temporary covered stent, which can be removed after successful closure of RAP. Permanent covered stents has been utilized with good results in treatment of pseudoaneurysms of large caliber arteries [22] , but in radial artery with mean diameter less than 2.5 mm, use of permanent covered stents may be risky. For prevention of radial artery closure after long dwell time of the arterial sheath, patent hemostasis technique should be used after sheath removal to prevent RAO [23] .
Possible contributing cause of RAP formation in our case was inadequate index hemostasis with an adverse influence of long-term systemic anticoagulation therapy, which likely facilitated persistent communication between main artery and pseudoaneurysm sac. Earlier, Collins et al. noted that full anticoagulation therapy, rather than inadequate compression, was a potential contributing factor for development of RAP [8] . While radial artery access is favored in such high risk patients to avoid bleeding complications, ongoing anticoagulation therapy may predispose to RAP formation. Prolonged non-occlusive hemostatic compression, as well as other measures such as, use of smaller diameter introducer sheath, temporary interruption of anticoagulation therapy and surveillance for RAP (palpation of radial puncture site, ultrasound examination) during follow-up after TRI procedure, may lower the incidence and aid in early detection of RAP.
Despite the success of temporary radial artery occluding technique with arterial sheath for nonsurgical RAP treatment some questions remain and require further investigation, such as optimal sheath/radial artery diameter ratio, appropriate sheath dwell time in the artery for reliable RAP closure and monitoring after successful RAP closure.
CONCLUSION
We propose the use of our new technique of radial pseudoaneurysm closure by insertion of arterial sheath into radial artery combined with mechanical compression or thrombin injection may improve safety and efficacy of RAP treatment. Patients receiving continuous anticoagulation therapy after the transradial invasive procedures may warrant more careful monitoring after sheath removal and hemostasis.
